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Sr2-xBaxFei.5Moo.506-5  (x  =  0,  0.2,  0.4,  0.6,  0.8, 1 )  perovskite  materials  have  been  prepared  as  potential 
cathodes  for  intermediate  temperature  solid  oxide  fuel  cells  (IT-SOFCs)  via  a  sol-gel  combustion  method. 
X-ray  diffraction  (XRD)  confirms  that  the  expansion  of  the  unit  cell  derived  from  the  substitution  of  the 
large  radius  Ba  atom,  with  the  impurity  phase  structure  only  being  detected  when  x  =  0.8  and  1. 
Concurrently,  thermal  expansion  coefficients  (TECs)  increase  with  increasing  Ba  doping.  X-ray  photo¬ 
electron  spectrometry  (XPS)  measurements  show  that  A-site  doped  Ba  in  the  perovskite  has  an  insig¬ 
nificant  impact  on  the  existence  and  ratio  of  Fe2+/Fe3+  and  Mo6+/Mo5+  species  within  the 
Sr2-xBaxFei.5Moo.506-<5  (x  =  0.2,  0.4,  0.6)  (SBFM)  samples.  Compared  with  Sr2Fei.5Moo.506-<5,  the  SBFM 
cathodes  exhibited  better  electrochemical  performance,  which  has  been  confirmed  by  the  electro¬ 
chemical  impedance  spectra  (EIS).  In  particular,  Sri.8Bao.2Fei.5Moo.506-<5  (SB0.2FM)  shows  the  lowest 
interface  polarization  ( Rp ).  Furthermore  the  peak  power  densities  of  single  cells  based  on  the  SB0.2FM 
cathode  are  0.87  and  1.30  W  cm-2  at  700  and  750  °C,  respectively.  All  these  results  suggest  that  SBFM 
materials  are  promising  cathodes  for  IT-SOFCs. 

©  2014  Published  by  Elsevier  B.V. 


1.  Introduction 

Advanced  energy  conversion  systems  such  as  solid  oxide  fuel 
cells  (SOFCs)  have  attracted  significant  attention  due  to  their  high 
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energy  conversion  efficiency,  fuel  flexibility  and  low  pollutant 
emission  [1—3].  To  make  SOFCs  more  economically  competitive 
relative  to  other  alternative  technologies,  it  is  necessary  to  develop 
systems  which  operate  in  the  intermediate  temperature  range. 
These  intermediate-temperature  solid-oxide  fuel  cells  (IT-SOFCs) 
have  operating  temperature  between  600  and  800  °C  [4-7]. 
However,  the  reduction  of  the  operating  temperature  inhibits  the 
diffusion  of  oxygen  and  consequently  increases  the  polarization 
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resistance.  It  is  known  that  this  effect  is  more  pronounced  at  the 
cathode  where  the  oxygen  reduction  reaction  (ORR)  occurs  [8,9]. 
Therefore  significant  effort  has  been  devoted  to  exploring  new 
cathode  materials  for  such  IT-SOFCs. 

The  mixed  ionic-electronic  conductors  (MIECs)  have  been 
widely  studied  as  alternative  cathodes  for  IT-SOFCs.  Most  state-of- 
the-art  MIEC  materials  are  classified  as  perovskite-oxides,  ABO3- 
type  mixed  metal  oxides.  Recently  a  new  perovskite  electrode 
material,  S^Fei.sMoo.sOe-a  (SFM),  has  attracted  much  attention 
since  it  can  be  used  as  both  the  cathode  and  anode  for  SOFCs  in  a 
symmetrical  configuration  owing  to  its  good  redox  stability  and 
catalytic  activity  in  both  oxidizing  and  reducing  environments 
[10-12].  Generally,  partially  or  full  substitution  of  A  and/or  B 
site  elements  is  an  effective  way  to  modify  the  perovskite-type 
materials  in  order  to  improve  performance.  Hitherto 
Sr2Fei.5_xCoxMoo.506-<5  (SFCM)  and  Sr2Fei.5_xNixMoo.506-<5  (SFNM) 
materials  have  been  reported  [13,14  .  Both  studies  have  demon¬ 
strated  that  partial  B-site  substitution  with  transition-metal  ele¬ 
ments  enhanced  the  conductivity  and  electrochemical 
performance,  with  the  suggestion  that  this  derived  from  the  impact 
on  the  cation  valence  and  oxygen-vacancy  concentration  in  these 
materials. 

Compared  with  B-site  doping,  A-site  doping  is  a  different 
strategy  to  tailor  the  chemical  and  physical  properties.  However, 
there  are  no  current  reports  on  the  effect  of  A-site  doping  on  the 
properties  and  performance  of  SFM  materials.  Generally  the  pres¬ 
ence  of  Ba,  with  its  large  ionic  radius  (1.60  A),  is  considered 
beneficial  to  induce  a  large  lattice  spacing,  higher  mobility  of  ox¬ 
ygen  ions,  and  enhanced  oxygen  reduction  reaction  rates  in 
perovskite  materials  [15  .  Therefore  in  present  work  we  investi¬ 
gated  the  effect  of  Ba  doping  at  the  A-site  on  the  properties  of  the 
Sr2_xBaxFei.5Moo.506-<5  system.  These  Sr2_xBaxFei.5Moo.506-<5 
(x  =  0,  0.2,  0.4,  0.6,  0.8, 1 )  materials  were  prepared  using  a  sol-gel 
combustion  method.  For  the  composition  of  x  =  0.8  and  1,  a  second 
impurity  phase  was  observed  in  addition  to  the  perovskite  phase. 
Therefore,  the  pure  Sr2_xBaxFei.5Moo.506-<5  (x  =  0.2,  0.4,  0.6) 
perovskite  (hereafter  abbreviated  as  SBFM)  were  systematically 
investigated  in  terms  of  crystal  structure,  thermal  expansion, 
chemical  compatibility  with  electrolytes  and  element  valence.  In 
addition,  the  performance  of  the  materials  as  IT-SOFC  cathodes  was 
also  examined. 

2.  Experimental 

2.2.  Materials  preparation  and  characterization 

Perovskite  SBFM  samples  were  synthesized  via  a  sol-gel  com¬ 
bustion  method.  Stoichiometric  amounts  of  Sr(N03)2,  Ba(N03)2, 
Fe(N03)3-9H20,  (NH4)6Moy024-4H20,  were  used  as  the  metal 
precursors.  Glycine  and  Citric  acid  were  used  to  assist  combustion. 
The  as-prepared  ash  was  then  calcined  at  1000  °C  for  5  h  in  air  to 
obtain  SBFM  powders.  The  detailed  synthesis  process  can  be  found 
in  our  previous  work  [16,17].  Four  to  five  drops  of  poly  (vinyl 
alcohol)  (PVA)  were  then  added  into  the  as-synthesized  powders 
(1  g),  and  ground  for  about  5  min.  Then  resulting  powder  was  then 
pressed  into  rectangular  bars  of  25  mm  x  5  mm  x  5  mm  under  a 
pressure  of  300  MPa,  followed  by  sintering  at  1200  °C  for  5  h  for 
subsequent  thermal  expansion  coefficient  (TEC)  tests  and  conduc¬ 
tivity  measurements.  The  materials  also  used  in  this  work  included 
Lao.9Sro.1Gao.8Mgo.2O3  (LSGM)  (Fuel  cell  materials  Co.,  USA), 
Smo.2Ceo.8O1.95  (SDC)  (Fuel  cell  materials  Co.,  USA),  8%Y203-stabi- 
lized  Zr02  (YSZ,  Tosoh  Co.,  Japan)  and  NiO  (High  Purity  Chemicals, 
Japan). 

The  crystal  structure  of  the  SBFM  materials  was  determined  by 
X-ray  diffraction  (XRD)  (X  Pert  PRO  MPD).  The  microstructure  of 


the  powders  was  observed  using  a  scanning  electron  microscope 
(SEM,  FEI  QUANTA-250)  and  transmission  electron  microscopy 
(TEM,  FEI  TECNAI  F20).  The  TEC  was  measured  using  a  dilatometer 
(Netsch  DIL  402C)  from  40  °C  to  1000  °C.  The  element  surface 
analysis  was  performed  on  an  X-ray  photoelectron  spectrometer 
(XPS,  MULTI  LAB2000,  VG).  Conductivity  measurements  were  per¬ 
formed  using  a  DC  four-probe  method  on  a  Keithley  2400  source 
meter. 

2.2.  Fabrication  and  electrochemical  testing  of  SBFM  cathodes 

The  three-electrode  cells  were  assembled  in  order  to  measure 
the  electrochemical  impedance  spectra  (EIS)  for  the  SBFM  cathodes 
[18].  YSZ  electrolytes  were  made  by  pressing  discs  (15  mm 
diameter  x  0.8  mm  thickness)  which  were  fired  at  1500  °C  for  6  h. 
The  SDC  interlayer  was  screen-printed  onto  a  YSZ  electrolyte  and 
then  sintered  at  1400  °C  for  6  h.  The  obtained  SDC  interlayer  was 
approximately  4  pm  thick.  The  SBFM  working  electrode  (WE)  with 
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Fig.  1.  XRD  patterns  of  Sr2_xBaxFe1.5Moo.506_5  (x  =  0,  0.2,  0.4,  0.6,  0.8, 1 )  powders  after 
calcination  at  1000  °C  in  air  for  5  h  (a)  26  from  20  to  80°,  (b)  26  from  30°  to  35°. 
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Table  1 

The  lattice  constant  of  Sr2_xBaxFei.5Moo.506_,5  ( x  =  0,  0.2,  0.4,  0.6)  oxides. 


Samples 

a  b  cl  A 

Volume/A3 

Density/g  cm  3 

x  =  0 

3.9266 

60.54 

5.8018 

x  =  0.2 

3.9347 

60.92 

6.7870 

o' 

II 

X 

3.9427 

61.29 

6.7751 

x  =  0.6 

3.9672 

62.44 

5.6257 

an  area  of  0.25  cm2  was  screen-printed  onto  the  SDC  interlayer,  and 
then  sintered  at  1000  °C  for  2  h  in  air.  A  Pt  reference  electrode  (RE) 
was  attached  on  the  same  side  as  the  WE,  and  was  about  4  mm 
away  from  the  WE.  Pt  paste  was  painted  symmetrically  on  the  other 
side  of  YSZ  electrolyte  as  the  counter  electrode  (CE).  The  cell  was 
fired  850  °C  for  0.5  h  before  EIS  testing.  A  PARSTAT  2273  was  used  to 
measure  the  EIS  for  the  SBFM  cathodes,  with  the  frequency  ranging 
from  10  mHz  to  100  kHz  and  the  AC  amplitude  of  10  mV  under  an 
air  atmosphere. 

The  performance  of  the  SBFM  cathodes  was  studied  by  assem¬ 
bling  single  cells.  NiO-YSZ  anode  supported  cells  with  a  YSZ  elec¬ 
trolyte  film  were  prepared  by  co-tape  casting  technology  [19].  The 
thickness  of  the  anode  and  the  electrolyte  film  produced  by  this 
method  was  approximately  700  pm  and  10  pm,  respectively.  The 
SDC  interlayer  was  approximately  4  pm  thick.  The  SBFM  cathodes 
were  then  screen-printed  onto  the  SDC  interlayer,  and  calcined  at 
1000  °C  for  2  h  to  obtain  the  NiO-YSZ/YSZ/SDC/SBFM  single  cells. 
The  cathode  area  was  about  0.25  cm2  and  the  thickness  was  about 
10  pm.  The  single  cells  were  sealed  on  an  alumina  tube  using  silver 
paste  conductive  adhesive.  The  Ag  paste  was  used  as  a  current 
collector  for  the  cathode.  Ag  wire  was  used  as  a  current  lead  and 
was  connected  to  the  electrodes  using  Ag  paste.  The  cells  were 
tested  with  humidified  hydrogen  (3  vol%  H2O)  as  the  fuel  at  a  flow 
rate  of  50  mL  min-1  and  with  ambient  air  as  the  oxidant.  The 
current-voltage  curves  of  the  cells  were  recorded  on  an  Arbin  in¬ 
struments  tester  (Fuel  Cell  Test  System,  FCTS). 

(a) 


3.  Results  and  discussion 

3.1.  Crystal  structure  and  microstructure 

Fig.  1(a)  shows  the  XRD  patterns  of  Sr2-xBaxFei.5Moo.506-,5 
(x  =  0,  0.2,  0.4,  0.6,  0.8, 1 )  powders  measured  at  room  temperature. 
It  can  be  seen  that  the  samples  with  Ba  fractions  from  0.2  to  0.6 
display  a  clearly  defined  perovskite  single-phase,  and  no  impurity 
phase  was  detected,  which  implies  that  partial  substitution  of  Ba 
for  Sr  does  not  affect  the  formation  of  a  cubic  perovskite  phase. 
However,  impure  phases  SrMoCH  and  BaO  could  be  observed  in  the 
samples  when  the  Ba-doping  concentration  was  further  increased 
(x  =  0.8  and  1 ).  Therefore,  in  the  following  work, 

Sr2-xBaxFei.5Moo.506-<5  (x  =  0.2,  0.4,  0.6)  (SBFM)  samples  were 
systematically  studied  as  cathodes  for  IT-SOFCs.  For  more  precise 
evaluation  of  the  effect  of  Ba  substitution  at  the  A-site,  the  XRD 
patterns  of  SBFM  materials  at  ca.  32.4°  were  magnified  and 
compared,  as  shown  in  Fig.  1(b).  The  peak  obviously  shifts  towards 
a  lower  angle  since  the  ionic  radius  of  Ba2+(1.60  A)  is  larger  than 
Sr2+(1.18A).  As  summarized  in  ^able  1,  the  unit  cell  parameters 
increase  with  increasing  Ba  content,  leading  to  an  increase  of  unit 
cell  volume.  These  results  indicated  that  Ba  doping  at  the  A-site 
results  in  the  expansion  of  the  lattice  spacing  which  could  facilitate 
oxygen  ionic  movement  in  the  perovskite  material. 

All  the  prepared  SBFM  powders  produced  here  have  a  similar 
microstructure.  Fig.  2  displays  the  typical  microstructure  for  the 
Sri.sBao^Fei.sMoo.sOe-^  (SB0.2FM)  powders  sintered  at  1000  °C  for 
5  h  Fig.  2(a)  and  (b)  reveal  that  the  interconnected  porous  structure 
is  composed  of  nanoparticles.  The  average  diameter  of  these  pores 
is  approximately  1  pm.  The  size  range  of  SBFM  particles  is  from  80 
to  120  nm,  which  is  confirmed  by  TEM  (Fig.  2(c)).  All  images  indi¬ 
cate  that  the  microstructure  of  SBFM  powders  is  composed  of 
foam-like  interconnected  porous  tunnels  i.e.  they  are  constructed 
of  pores  and  nanoparticles. 

(b) 


Fig.  2.  Microstructure  of  foam-like  interconnected  porous  SB0.2FM  powders  (a)  a  low  magnification  SEM  overview,  (b)  a  high  magnification  SEM  image,  (c)  a  TEM  image. 
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Fig.  3.  Thermal  expansion  curves  of  the  SBFM  samples  between  40  °C  and  1000  °C 
in  air. 

3.2.  Thermal  expansion  coefficient  and  chemical  compatibility 

The  thermal  expansion  coefficient  (TEC)  is  an  important 
parameter  for  electrode  materials  because  mismatched  TECs  in 
different  parts  of  the  cell  lead  to  internal  stress  and  greater  likeli¬ 
hood  of  cracks  forming  during  long-term  operation.  The  thermal 
expansion  curves  and  TECs  obtained  for  each  oxide  in  the  different 
temperature  ranges  are  displayed  in  Fig.  3  and  Table  2.  As  shown  in 
Fig.  3,  the  dilatometric  analysis  shows  a  nonlinear  behavior  at 
35-500  °C,  which  is  probably  related  to  the  loss  of  the  lattice  ox¬ 
ygen  in  this  temperature  range  in  the  dL/L  curves  [20].  fable  2  lists 
the  TECs  of  SBFM  samples  in  different  temperature  ranges. 
Comparing  these  TEC  values,  we  can  see  that  the  substitution  of  Ba 
has  affected  the  TECs  of  the  SBFM  materials.  The  average  TEC  values 
increase  from  15.7  x  10-6  K_1  to  18.1  x  10-6  K_1  with 
increasing  x  (from  0.2  to  0.6)  over  the  temperature  range  of 
40-1000  °C.  The  TECs  of  SBFM  samples  are  slightly  higher  than  that 
of  typical  electrolytes  such  as  YSZ(  10.8  x  10-6I<-1)  [21].  Clearly  the 
SDC(12.8  x  10  6  K-1)  interlayer  can  adjust  to  the  difference  of  TECs 
between  SBFM  and  YSZ  materials  and  thus  improve  the  adhesion 
between  the  YSZ  electrolyte  and  SBFM  electrode  [22  . 

The  chemical  compatibility  of  SBFM  powders  with  the  typical 
electrolyte  materials  at  SOFC  operation  temperature  has  been 
investigated.  A  mixture  of  SB0.2FM  combined  with  YSZ,  SDC  and 
LSGM  powders  (50  wt%  of  each)  was  milled  and  then  calcined  in  air 
at  800  °C  for  48  h  Fig.  4(a)-(c)  shows  that  no  impurity  phase  was 
formed  with  no  obvious  peak  shifting  for  each  component  indi¬ 
cating  no  solid-state  reaction  between  SBFM  and  YSZ,  SDC  and 
LSGM  electrolyte  materials. 

3.3.  X-ray  photoelectron  spectroscopy  analysis 

XPS  spectroscopy  is  widely  used  to  characterize  the  chemical 
state  and  surface  properties  of  materials.  Fig.  5  shows  the  Ba  3d,  Fe 


Table  2 

The  TECs  for  SBFM  samples  between  40  °C  and  1000  °C  in  air. 


Samples 

TEC(x10-6K"1) 

40-350  °C 

500-1000  °C 

40-1000  °C 

x  =  0.2 

13.4 

20.7 

15.7 

x  =  0.4 

13.5 

21.8 

16.8 

x  =  0.6 

14.3 

22.9 

18.1 
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Fig.  4.  XRD  patterns  of  the  of  SB0.2FM  and  electrolyte  powders  (50  wt%  of  each)  after 
sintering  at  800  °C  for  48  h  (a)  SB0.2FM  and  YSZ,  (b)  SB0.2FM  and  SDC,  (c)  SB0.2FM  and 
LSGM. 


180 


N.  Dai  et  al.  /  Journal  of  Power  Sources  268  (2014)  176—182 


(a) 


03 

■*-< 
c n 

r“ 

O 


(b) 


ee 

-t— » 

C 


Fe  2p  2p 


i  *  i  1  i  1  i 

805  800  795  790  785  780  775 

Binding  Energy  (eV) 

(C) 


730 


725  720  715  710 

Binding  energy  (eV) 


705 


Mo  3d  34 


3  |»<-» 

-4— > 

c 
55 


x=0.6 

»•  Vi 


x=0.4 


x=0.2 


240  237  234  231  228 

Binding  energy  (eV) 


225 


Fig.  5.  XPS  spectra  at  room  temperature  for  SBFM  samples  (a)  Ba  3d,  (b)  Fe  2p,  (c)  Mo  3d. 


2p  and  Mo  3d  spectra  in  SBFM  samples  at  room  temperature.  The 
Ba  3d  core-level  XPS  spectrum  is  shown  in  Fig.  5(a).  Only  one 
chemical  state  of  Ba,  i.e.  the  bivalent  valence,  was  found  in  SBFM 
materials. 

Fig.  5(b)  shows  the  fitted  XPS  spectrum  results  of  Fe  2p  for  SBFM 
samples.  The  spin-orbital  splitting  in  the  Fe  2p  spectra  exhibits 
double  peaks  of  lower  energy  2p3/2  and  higher  energy  2pi/2.The 
peaks  at  709.9  and  722.3  eV  correspond  to  Fe2+(2p3/2)  and 
Fe2+(2pi/2)  respectively,  whereas  Fe3+(2p3/2)  and  Fe3+(2pi/2)  are 
located  at  711.2  and  724.8  eV,  respectively  23].  The  Mo  3d  XPS 
spectra  of  SBFM  samples  are  shown  in  Fig.  5(c).  The  characteristic 
peaks  of  Mo5+  and  Mo6+  are  231.3  and  231.9  eV  at  3ds/2  and  234.6 
and  235.1  eV  at  3d3/2  [24  .  The  XPS  results  clearly  demonstrate  the 
existence  of  Fe2+/Fe3+  and  Mo6+/Mo5+  species  in  the  SBFM  sam¬ 
ples.  Moreover,  no  obvious  change  in  the  Fe  2p  and  Mo  3d  profiles 
and  insignificant  influence  on  the  Fe3+  +  Mo5+  <-►  Fe2+  +  Mo6+ 
process  with  the  increasing  Ba  substitution  level  was  observed. 

3.4.  Characteristics  of  conductivities 

For  perovskite  SBFM  materials,  the  co-existence  of  electronic 
holes  and  oxygen  vacancies  makes  the  materials  simultaneously 


Fig.  6.  Relation  curves  between  conductivities  of  SBFM  materials  with  different  Ba- 
doping  concentration  and  temperature. 
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exhibit  both  electronic  and  ionic  conductivity.  The  conductivities 
measured  in  this  work  can  be  mostly  attributed  to  the  electronic 
contribution  as  ionic  conductivity  is  much  lower  than  electronic 
conductivity.  The  temperature  dependence  of  electronic  conduc¬ 
tivity  (<j)  of  SBFM  samples  in  air  from  300  °C  to  800  °C  is  shown  in 
Fig.  6.  It  is  clear  that  the  conductivity  of  the  samples  with  different 
Ba-doping  concentrations  experiences  at  first  an  increase  (p-type 
semi-conductivity)  with  temperature  [12],  reaching  a  maximum, 
and  then  a  decrease  when  the  temperature  further  increases. 
Furthermore,  the  total  conductivity  of  SBFM  decreases  when  the  Ba 
concentration  increases.  When  x  =  0.2,  the  conductivity  of  SB0.2FM 
sample  reaches  the  maximum  value  of  21.7  S  cm-1  at  550  °C,  which 
is  higher  than  that  of  SFM  (<7  =  15.9  S  cm-1)  sample  14]. 


3.5.  Polarization  resistance 

The  area  specific  polarization  resistance  (Rp)  is  an  effective 
parameter  to  probe  the  catalytic  activity  of  SOFC  cathode  for  the 
ORR.  The  Rp  of  cathode  was  obtained  by  electrochemical  impedance 
spectroscopy  (EIS)  measurements.  The  EIS  for  SBFM  cathodes  on 
YSZ  electrolytes  with  an  SDC  interlayer  was  measured  with  a  three- 
electrode  system  in  air.  The  typical  EIS  can  be  fitted  with  the 
equivalent  circuit  LR^(Qh^h)(Ql^l).  For  comparison,  the  Rq  was 
omitted  in  the  Nyquist  plots  and  the  EIS  of  SBFM  cathodes  at 
650-800  °C,  as  shown  in  Fig.  7.  Compared  with  the  Rp  of  SFM 


Fig.  7.  The  EIS  of  the  SBFM  cathodes  with  different  Ba-doping  concentration  measured 
in  air  at  800-650  °C  (a)800  °C,  (b)  750  °C,  (c)  700  °C,  (d)  650  °C. 


Fig.  8.  The  morphologies  of  the  tested  cell  based  on  SB0.2FM  cathode  (a)  the  surface  of 
SB0.2FM  cathode,  (b)  the  cross-section  of  the  cell  based  on  SB0.2FM  cathode. 
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Fig.  9.  The  I—V  and  I—P  curves  of  the  single  cell  NiO-YSZ/YSZ/SDC/SE>o.2FM  in  the 
temperature  range  650-800  °C. 

cathode  [14],  the  Rp  of  SBFM  cathodes  apparently  decreased  at 
operating  temperatures  between  650  and  800  °C.  Particularly,  the 
SB0.2FM  cathode  exhibits  the  lowest  Rp,  which  is  only  0.19  and 
0.43  Q  cm2  at  750  and  700  °C,  respectively,  approximately  40%  of 
the  Rp  of  SFM  cathode  (0.42  and  0.92  Q  cm2  at  750  and  700  °C, 
respectively).  The  enhancement  of  ORR  rate  and  the  decrease  of  the 
Rp  of  Ba-doped  SBFM  cathodes  could  be  ascribed  to  the  doping  of  Ba 
ions  (Ba2+)  which  have  larger  radius  than  Sr2+  resulting  in  an 
expansion  of  the  lattice  spacing  which  is  beneficial  to  oxygen  ion 
movement. 

3.6.  Electrochemical  properties  and  performance 

For  further  evaluation  of  the  electrochemical  performance  for 
SB0.2FM,  we  assembled  anode  supported  NiO-YSZ/YSZ/SDC/SBo.2FM 
single  cells  based  on  the  SB0.2FM  cathode.  Fig.  8  shows  the  surface 
of  SB0.2FM  cathode  and  the  cross-section  of  the  cell  based  on 
SB0.2FM  cathode  morphologies.  The  cathode  surface  maintained 
the  porous  network  structure  as  shown  in  Fig.  8(a),  which  is 
favorable  for  oxygen  transportation  by  providing  rich  reaction  sites 
for  electrons  and  oxygen  ions  transport,  and  the  ORR  in  the  elec¬ 
trode.  Fig.  8(b)  shows  that  the  four  layers,  cathode,  interlayer, 
electrolyte  and  anode,  are  firmly  adhered  to  each  other. 

Fig.  9  reveals  the  I—V  and  I—P  curves  measured  in  the  temper¬ 
ature  range  650-800  °C.  The  power  densities  of  single  cells  based 
on  SB0.2FM  cathodes  were  0.41,  0.87, 1.30  and  1.63  W  cm”2  at  650, 
700,  750  and  800  °C,  respectively.  All  these  results  confirmed  that 
SBFM  electrodes  are  promising  cathodes  of  IT-SOFCs  due  to  their 
excellent  electrochemical  performance. 

4.  Conclusions 

Sr2-xBaxFei.5Moo.506-5  (x  =  0.2,  0.4,  0.6)  (SBFM)  materials  have 
been  successfully  prepared  using  a  sol-gel  combustion  method 


and  applied  here  as  the  cathodes  for  IT-SOFCs.  XRD  studies 
confirmed  that  SBFM  consists  of  a  pure  perovskite  structure. 
However  impure  phases  could  be  observed  in  the  samples  when 
^  the  Ba-doping  concentration  at  high  levels  (x  =  0.8  and  1).  The 
'g  perovskite  lattice  expands  with  increasing  Ba  substitution  in  SBFM 
samples.  In  addition,  the  TECs  of  SBFM  materials  also  increase  with 
Ba  doping.  The  XPS  results  show  that  Ba  doping  at  the  A-site  in  the 
perovskite  barely  changed  the  existence  of  Fe2+/Fe3+  and  Mo 6+/ 
J;  Mo5+  species  within  the  SBFM  samples.  Moreover,  in  the  three 

Z  SBFM  materials,  the  SB0.2FM  cathode  exhibits  the  lowest  Rp,  which 

£  was  only  40%  of  the  SFM  cathode.  The  power  densities  of  single 

£  cells  with  SB0.2FM  cathodes  are  1.30  and  1.63  W  cm”2  at  750  and 

800  °C,  respectively.  These  results  indicate  that  the  SBFM  oxides  are 
promising  cathode  materials  for  IT-SOFCs. 
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